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EFFECT OF PROLONGED HYFCKINESIA CN THE EEART
MUSCLE COF RATS

I. Prokhaska, i.Y. Khavkinaand Z.I. EBarbashova

Thirty-forty day hypokinesia leads toc a sharp reducticn /1237*%
in body weight and heart weight, especially its right ventricle,
in experimental animals. A weakening of the contractile power
of the myoccardiuc and its resistance to the stress effect of
anoxlz were found. 1In this case, a reducticn in the rate of
anaercbic metabolism was found: in the right ventricle, of
gly~olysis and glycogenolysis and in the left, of glycogenolysis.
The glycogen content in the heart muscles of rats after 30-40
day hypokinesia was unchanged.

It is known that prolonged restriction of mobility reduces
the general, nonspecific resistance of the body, the condition
of its functional systems, as well as the efficiency of the Lody
as a whole and of its tissues. Unfavorable changes are mani-
fested here in the morptclogy of individual organs and in
metabolism in the tissues [4, 8-11, 18]. However there is not
a clear picture of the :hanges Induced in body tissues under
the influence of prolonged hypokinesia.

This work is devoted to study of the myocardium, as a
muscle working continually under conditions of hypokinesia. Its
efficiency, resistance to the stress effect of anoxia and
anaerobic metabolism a..er 30-40 days of hypokinesia were
investigated.

Method

¥-~le, white Wistar rats, weighing 220-270 g, were used
in the tesis. The test animals were.placed in individual

ENumbers in the margin indicate pagination in the foreign text.
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plexiglass cells. The cell design eliminated the possibility

of movement by the animals. Cnly the fcrepaws and head retained
some mobility, providing for food intake. The control rats were
kept in cages, ten to a cage. The feeding conditions and composi-
tion were identical for both grcups ¢f animals. The rats were
decapitated for study of resistance of the myocardium and
metabolism in it.

Myccardium resistance was determined on the isclated right
veriiricle, since the small thickness of this muscle permitted a
constant flow of 02 to it from the environment to be ensured.
Under the conditions selected, the physiological excitatility of
the muscles was preserved for a lcng period of time (over 2
hcurs. Determination of the ability of the myocardium to
recover the contractile function after 20 minute anoxia served
as a criterion of myocardium resistance, in accordance with the
method first developed by Kopetskiy [15] and improved by
I. Prokhaska [16]. For this purpose, rhythmic electrical pulses,
at a frequency of 60 pulses per minute, were supplied to the
right ventricle, by means of platinum electrodes. In this case,
the muscles were immersed in Krebs-Ringer solution pH 7.134
(temperature 34°), with continuous oxygen supply. The rhythmic
contractions of the heart muscle in the isotonic mode were
recorded bty a kymograph. After establishment of a stable myo-
cardium contraction amplitude, oxygen was replaced by nitrogen
for 20 min. Anoxia induced a gradual weakening of the contrac-
ticns of the myocardium, right up to their complete disappearance,
in response to continuing stimulation. The nitrogen was replaced

by oxygen after 20 min, arfter which the contractile function of

the myoscardium was gradually restored. After establishment of
contraction amplitude at a stable level, always lower than before /1238
anoxla, the contraction amplitude was measured before and after
anoxla, and the percentage ratio of the measured amplitudes was
calculated. This value was the criterion of resistance of the



myocardium to anoxia. The height of the myograr. alone served
as a relative criterion of contraction strength fer us.

For investigation cf glycolytic metabolism in the myocardium,
the isolated heart was placed in C.44 M mannose¢ at 0°. Homogeni-
zation of the ventricles was carried out in a homogenizer with
a teflon pestle, in a medium of 0.4% M mannose, pH 7.4, fecr a
period of 40-50 sec. The glycolysis and glycogenclysis rates
were determined from accumulation of lactic acid in a system,
which contained optimum concentrations of coenzymes and activators,
in moles/t: K-phosphate buffer 4-10-<, pH 7.4; ATP 1-10-3; NAD
2-10~%; MgCl, 2-1073; fructose-1,6-diphosphate 8-10~5. 4-10~2 M
glucose or 2 mg per sample glyccogen served as substrates.

Total sample volume was 1.25 ml. Incubatlion was carried out
under argon for 30 min at 30°. Lactic acid was determined by
the method cf Barker and Sammerson, in the Strom modification
[18]. Glycogen in the ventricles of the heart was determined by
the method of Kemp [14], in tissue specimens frozen with liquid
nitrogen.

Results of Investigation and Discussion

Change in Body Weight and Heart Weight under the Influence
of Hypokinesia

It is clear from Tabtle 1 that 30-40 days of hypokinesia (HK)
led to 2 decrease in body weight of the animals. While a constant
welght Increase was noted in the control rats, amounting to 32%
in 30-4G days, the body weight in HK animals amounted to only
93% of the initial level. As a result, the body weight of HK
rats turned out to be U43% lower than in the cortrol animals,
which 1s evidence of an acute dystrophy in the HK animals. These
data are in complete conformance with those in the literature
[5, 10] and our previously published data [4].



TABLE 1. CHANGE IN BODY WEIGET (g) ARD HEART WEIGET (=g} IN RATS
AFTER 3 -U40 DAYS OF HYPCKINESIA.
. Body WMeight Righ
Animal L-—-’——.——-‘h'—— gat Left Index
Lo After iHeart Ven- Ven- i
Gr Ixutu* e en (Right/
oup 30-40 dayp tricle kricle | /Left)
H
Control m%ul mgm xmgu‘ mg.a &20:175 | 048100
Hypokinesia mtu! 192!}_-9.! €%+284] 142475 5:393 o.ognm
o @ 10) (10) (10) 0
[ JP ] <o <ouoM| <000t <005 Not signi-
: ficant
Note: Numbers in parentheses, number of animals examined.

The heart weight of K rats also was reduced.
to 69% of the control values. In this case, the welight of the
left ventricle was 20%, and of the right, 36% lower than in the
control animals. Nevzrtheless, the index weight of right/weight
of left in HK rats practically did rot differ from the control
values. A small reductica of it in the HK animals was not
statistically significant.

It amounted

Contractile Power and Resistance of Myocardium

Individual values, characterizing the resistance of the
right ventricle of the hearts of control and HK rats, are shown
in Fig. 1. It is clear that, after 20-minute anoxia, the con-
tractile function of the myocardium in HK animals recovered by
only 58.3%, while it was 74.4% in the control animals. The
reduction observed in resistance to anoxia apparently is evidence
of deterioration of the functional condition of the myocardium.

Data characterizing the strength of contractions of the
right ventricle of the hearts of rats expressed as a percentage
of the contraction amplitude in HK rats to cortrol values before
and after anoxia, are presented in Table 2. It follows from the
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Fig. 1. Externt of recovery of con-
tractile function of right ventricle
of the heart after 2C-minute anoxia
(in percent of initial): crdinate,
percentage ratio of amplitude cof
contractions of myocardium after
anoxia to initial values; open
circles individual data for control
rats; black circles after 30-40 day
hypokinesia; vertical bars M + m.

table that, both tefore

and after anoxia, the
strength of ccntraction

of the cardiac muscles

of HK rats was ccnsiderably
less than in the contr 1
animals. It might be
thought that the lesser
extent cof effort gene .ted
by the heart muscles of /1239
the rats 1s explained by
their lower weight. How-
ever, the weight of the
right ventricle in HK

rats was less than in the
controls by 36%, while

the strength of its con-

tractions was reduced by 44% before anoxia and b 56% after it.
This difference gave us grounds for considering that hypokinesia
leads precisely to weakening of the myocardium, to reduction in

its abllity tc generate effort.

TABLE 2. STRENGTH OF CONTRACTION OF ISOLATED RIGHT VENTRICLE CF
HEART OF RAT BEFCRE-‘AND AFTER ANOXIA,
IN PERCENT OF CONTROL.
Characteristic Before Anoxia After Anoxia
Control Hypokinesia Control Hynokinesia
Strength of 100(8) 54.445.1(10) 100(8)  43.845.1(10)

contraction

Note: numbers in parentheses, number of experimental animals.



We cobtained simiiar data on the skeletal muscles of HK

animals [6].

Anaerobic Metabolism

The data presented in Fig. 2 are evidence that, as a result

cf 30-40 days of restriction of mobility of an animal, a small

decrease in the rate of anaerobic metabolism was ncted. A

reduction in the rates of both glycolysis and glycogenolysis

took place in the right ventricle and

in the left one.

Fig. 2. Effect of 30-40 days of
hypokinesia on rate of glycolysis
(I) and glycogenolysis (II) in the
right (A) and left (B) ventricles
of tne hearts of rats: ordinate,
lactic acid accumulation, in ug/mg
dry weight/hour; white colummns
control; cross-hatched ones, HK
rats; numbers in columns, number
of animals used.

‘nly of glycogenolysis

Attention was turned
to the fact that, under the
influence of hypokinesia,
the ratio of the glycolysis
and glycogenolysis rates
changed in the myocardiums
Thus, the
glycogenolysis rate exceeded

of the animals.

the glycolysis rate by
approximately 40% in the
right and left ventricles
normally. After 3 month
of hypokinesia of the rats,
this v-lue amounted to 54%
in the right ventricle and
only 26% in the left one.

/1240

Determination of glycogen content in the ventricles of the
heart revealed no significant difference between the control and
HK animals (4.9 % 0.4 and 4.7 + 0.12 mg/g of fresh weight,

respectively).



We do not consider that the small reducticn in glycogenolysis
which we found iIn both ventricles of the heart, and glycolysis
in the right one, plays a decisive role in the reduction of con-
tractile capability of the myocardium and its resistance to
anoxia, in animals subjected to the effects of hypokinesia for
a period of 30-40 days. It is known from the literature that,
as a result of 30-day hypokinesia, a considerable change in
the morphological picture 1s noted in the myocardium, consisting
of swelling of the sarcoplasm, accumulation of lipids in it,
swelling of the mitochondria and decrease in the number of
cristae in them, disruption of the cell membrane structure and
lysis of individual myofibrils [8, 9]. A reduction showed up in
the oxidative metabclism [7, 8]. All of this undoubtedly plays
a significant rcle in the reduction in efficiency of the myo-
cardium. However, the slowing down of glycolytic metabolism,
especially under conditions of disruption of oxidative metavolism,
should show up unfavorably on the contractile ability of the
heart muscle and its resistance to anoxia. It is not accidental
that the change in rate of glycolytic metabolism in various
tissues, including the myocardium, always correlated with change
in resistance of these tissues to certain unfavorable actions,
in all our previous investigations. Thus, in animals adapted
to hypoxia, an increased resistance of the brain, myocardium
and skeletal muscles was found to various damaging actions.

In this case, an increased rate of glycolytic metabollsm showed
up in all the tissues mentioned [1-3, 12, 13, 16, 17]. On the
other hand, after prolonged immobilization of animals, the
resistance of the brain and skeletal muscles dropped and the
glycolysis rate dropped in parallel with it in these tissues

(4, 6]. parently, change in efficiency of anaerobic glycolysis
actually is one of the components shaping a specific level of
resistance of individual tissues and the entire body.



Conclusions

1. A month-long hypokinesia leads to weakening of the con-
tractile capacities of the myocardium of rats and to reduction
in its resistance to acute oxygen insufficiency.

2. Simultaneously, a smali reduction in arnaerobic
metabolism rate is noted, which, as we propose, may be one cf
the components defining a new reduced level of resistance of
the heart muscle.
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